r e l a t e d t o t h e s t r u c t u r a l and k i n e t i c s t u d i e s of e l e c t r o n t r a n s f e r i n oxovanadium ( I V ) and dioxovanadium (V) complexes.
INTRODUCTION
High v a l e n t i o n s of e a r l y t r a n s i t i o n elements have s t r o n g a f f i n i t y towards oxide i o n s and very o f t e n g i v e 0x0-anions. When t h e o v e r a l l charge of t h e 0x0-ions remains p o s i t i v e , one o r more oxide i o n s form s t r o n g and i n e r t bond with t h e metal i o n s t o g i v e such i o n s a s V I v 0 2 + , V v 0 2 + , MovIO22+ and Mov03+. Two oxide i o n s occupy g e n e r a l l y c i s p o s i t i o n s t o each o t h e r w i t h small numbers of exceptions such a s U 0 2 2 + . The l i g a n d s u b s t i t u t i o n r e a c t i o n e x h i b i t s a remarkable r e g i o -s e l e c t i v i t y ; t h e c i s -s i t e ( b a s a l s i t e ) i s much more i n e r t than t h e t r a n s -s i t e ( a p i c a l s i t e ) . W e want t o demonstrate t h a t such a r e g i o -s e l e c t i v i t y i s a l s o revealed on e l e c t r o n t r a n s f e r processes.
Another c h a r a c t e r i s t i c s of e a r l y t r a n s i t i o n elements i s t o form b i -o r m u l t in u c l e a r complexes with o r without metal-metal bond. Binuclear s p e c i e s with 20 ] 2+ c o r e and t e r n u c l e a r s p e c i e s w i t h [ M I V 3 (~~-0 ) ( p 3 -0 ) ] 4 + o r [MIV3(p3-0)2]%+core g i v e mixed m e t a l complexes with M = Mo and W. Their e l e c t r o n t r a n s f e r r e a c t i o n s a r e q u i t e c h a r a c t e r i s t i c of t h e s t r u c t u r e , t h e metal i o n s and t h e connecting l i g a n d s . Octahedral hexa-metal c l u s t e r s a r e w e l l known i n t h e form of e.g. f a c e capped [ M g X e l 4 + 01: edge-bridged tMgX121 (x = h a l i d e ) b u t l i t t l e i s known of t h e i r redox behaviour i n s o l u t i o n and t h e e x i s t e n c e of mixed capping ligand s p e c i e s .
W e have s t u d i e d these c h a r a c t e r i s t i c behaviour both k i n e t i c a l l y and e l e c t r ochemically with s p e c i a l r e f e r e n c e t o t h e r e l a t i o n s h i p between t h e i r s t r u c t u r e and p r o p e r t i e s .

REDOX CHARACTERISTICS OF OXOVANADIUM COMPLEXES
Oxovanadium(1V) complexes e x h i b i t remarkable r e g i o -s e l e c t i v i t y on l i g a n d s u b s t i t u t i o n ( r e f . 1 t o 4 ) , and t h e e l e c t r o n t r a n s f e r r e a c t i o n s a r e a l s o very s p e c i a l . Dimerization with b r i d g i n g oxide between vanadium(1V) and vanadium(V) a t t h e b a s a l s i t e provides mixed v a l e n c e s p e c i e s with V2033+core ( Fig. 1 , r e f . 5 ) , whereas t h a t a t t h e a p i c a l s i t e g i v e s d i s t i n g u i s h e d V I V and V v c e n t r a l i o n s . ( r e f . 6 ) Formation of t h e mixed v a l e n c e complex was demonstrated n o t only i n c r y s t a l l i n e s t a t e , b u t a l s o i n s o l u t i o n . ( r e f , 5) ~~ * P r e s e n t address: Natural Science Building, I n t e r n a t i o n a l C h r i s t i a n U n i v e r s i t y , Osawa, Mitaka, Tokyo 1 8 1 , Japan. l e f t , approximate l i g a n d s u b s t i t u t i o n r a t e of V1v02+ s p e c i e s . r i g h t , s t r u c t u r e of t h e mixed v a l e n c e b i n u c l e a r complex w i t h V2033+ c o r e , (NH4)3[ (nta)V(=O)OV(=O) ( n t a ) 1 .3H20, C2/c symmetry. ( r e f . 7 ) (Note a ) EDTA c o o r d i n a t e s a s q u i n q u e d e n t a t e t o oxovanadium(IV), and a s q u a d r i d e n t a t e t o dioxovanadium(V) a s shown i n F i g . 2.
( r e f . 8) A l k a l i m e t r i c t i t r a t i o n of [VIvO (edtaH) I -g i v e s o n l y one i n f l e c t i o n a t pH < 11, and t h e r e was no change i n e l e c t r o n i c spectrum a t pH 2.5 t o 6.7 i n d i c a t i n g t h a t t h e d e p r o t o n a t i o n t a k e s p l a c e a t a remote s i t e from t h e vanadium(IV), i.e. a t t h e f r e e a c e t a t e branch. I f t h e r e were c o o r d i n a t e d water molecule, a n o t h e r i n f l e c t i o n should be found a t pH 6 t o 9 . The f r e e a c e t a t e should be branched from t h e n i t r o g e n atom a t t h e b a s a l s i t e , s i n c e m e r i d i o n a l c o o r d i n a t i o n of an i m i n o d i a c e t a t e moiety i s s t e r i c a l l y more d i f f i c u l t . S t r u c t u r e of t h e p r o d u c t was determined by t h e X-ray method.
The r a t e of t h e o v e r a l l redox r e a c t i o n i s g r e a t e r by two o r d e r s t h a n t h a t of t h e l i g a n d s u b s t i t u t i o n r e a c t i o n s of t h e o x i d a n t and r e d u c t a n t . K i n e t i c s t u d i e s were performed e x c e s s i v e r e d u c t a n t by t h e s p e c t r o p h o t m e t r i c method a t 487 nm (peak of [IrIVCl6]2-) under v a r y i n g c o n c e n t r a t i o n s of t h e o x i d a n t , r e d u c t a n t , and [ I r m C 1 6 ] 3 -a t pH 3.15 t o 4.35. The r e s u l t s a r e summerized i n F i g . 2 and Tables 1 and 2 . The observed f i r s t o r d e r r a t e c o n s t a n t w i t h r e s p e c t t o t h e o x i d a n t depends l i n e a r l y on t h e c o n c e n t r a t i o n of [VIVO(EDTA] a t a g i v e n c o n c e n t r a t i o n of [ I r m C 1 6 ] 3 -and pH. The r a t i o w i t h [IrmC163-] a t a g i v e n pH, and hence kobs i s expressed by Eq. 1.
The dependence of kobs upon [ I r m C l 6 3 -] s u g g e s t s t h e p r e s e n c e of a r e a c t i v e i n t e r m e d i a t e , most probably monoxovanadium(V)-EDTA complex w i t h a s i m i l a r s t r u c t u r e t o t h a t of t h e o r i g i n a l [VIVO(EDTA)]. Thus t h e mechanism g i v e n i n F i g . 2 i s c o n s i s t e n t w i t h t h e r a t e law of Eq. 1 a t a g i v e n pH. A p p l i c a t i o n of t h e s t e a d y -s t a t e approximation t o t h e i n t e r m e d i a t e [VVO(EDTA)] g i v e s Eq.2.
i n th_e presence of [VIVO(EDTA)]/kobs h a s a good l i n e a r r e l a t i o n
This form i s e q u a l t o Eq. 1, and kobs i s expressed by Eq. 3 and hence Eq 2 )
4 .
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. -. [1rm]-l g i v e s k s l o p e and i n t e r c e p t , analysed by u s e of t h e pKa v a l u e s of [VIVO(edtaH)l' ( F i g . 2 ) and Eq. 5 was and k 2 / k -1 on t h e r e s p e c t i v e l y . The dephndence of k l on pH was
The p l o t of k l ( [ H + l + Ka) v s . [H+] g i v e s a s t r a i g h t l i n e and ka and kb a r e c a l c u l a t e d a s shown i n Table 2 .
The observed kobs v a l u e s a r e much s m a l l e r t h a n t h o s e of s i m i l a r o x i d a t i o n of [VIVO(nta) ( H 2 0 ) ] -and [VIvO(pmida) ( H z O ) ] w i t h [ I r I V C 1 6 ] 2 -. T h i s i s due t o
t h e c o n t r i b u t i o n of small k2/k-1 v a l u e s . When t h e r e s u l t s were a n a l y s e d a s shown above, t h e ka and kb v a l u e s a r e of t h e same o r d e r of t h o s e of t h e o t h e r two complexes.The e l e c t r o n t r a n s f e r i t s e l f frOmVIv t o I r I V should proceed i n a s i m i l a r manner t o t h o s e of t h e s e complexes, and t h e p r o t o n a t i o n a t t h e remote s i t e a f f e c t s t h e r a t e of e l e c t r o n t r a n s f e r l i t t l e . W e can t h u s make c l e a r t h a t t h e o x i d a t i o n of [VIVO(EDTA)] w$th [Ir1VC16I2' has t W O s t e p s , and t h e second i s t h e formation of 0x0 l i g a n d a t t h e b a s a l s i t e .
Note a: e d t a , ethylenediamine-N,N,N',"-tetraacetate(4-) i o n ; EDTA, i n c l u s i v e s i g n f o r v a r i o u s l y p r o t o n a t e d s p e c i e s of e d t a l -; n t a , n i t r i l o t r i a c e t a t e ( 3 -) i o n ; pmida, 2-pyridylmethyiminodiacetate i o n ; p i d a , phosphonomethyliminodiacetate(4-) i o n ; en. e t h y l e n ediamine. Difference between aqua and hydroxo complexes Oxovanadim. (IV) complexes w i t h t h e q u a d r i d e n t a t e l i g a n d s (quad) , pmida, n t a , and p i d a have aqua l i g a n d a t t h e b a s a l s i t e , and t h e c o o r d i n a t e d water molecules a r e deprotonated with pKa v a l u e s 6 . 4 , 6.9 and 8 . 4 a t 25OC and I = 1 . 0 M ( N a C 1 0 4 ) , r e s p e c t i v e l y . The l a r g e PKa of t h e p i d a complex ( r e f . 9) i s due t o t h e hydrogen bond between water and phosphonate branch of pidad.-. A l l t h e s e com l e x e s a r e o x i d i z e d with [IrIVC1612-and b i n u c l e a r [ ( e n ) 2 C o m -
The r a t e s a r e much g r e a t e r t h a n t h o s e of t h e i r l i g a n d s u b s t i t u t i o n r e a c t i o n s and depend on t h e pH from 4 t o 7 . The r e s u l t s w i t h i r i d a t e ( 1 V ) a s o x i d a n t a r e summerized by Eq. 6 and t h e d a t a analyzed by Eq. 7 .
When t h e r a t e was followed by t h e measurement of e x t i n c t i o n a t 4 8 7 and 6 9 0 nm (peaks of t h e o x i d a n t s ) , t h e observed f i r s t o r d e r r a t e c o n s t a n t i s expressed by Eq. 8 .
K i n e t i c s of o x i d a t i o n with t h e Corn complex i s more complicated because t h e high c h a r g e s of V I V and Corn complexes w i t h o p p o s i t e s i g n l e a d t o i o n p a i r s ( I P ) which a c t a s p r e c u r s o r of o x i d a t i o n , (Eq
The r a t e i s expressed by Eq. 1 0 , and i n d i v i d u a l v a l u e s of K O $ , K I O S , k , and k ' , a r e o b t a i n e d from t h e f i r s t o r d e r r a t e c o n s t a n t s a t v a r y i n g c o n d i t i o n s .
( 1 0
The r e s u l t s a r e summerized i n Table 3 . S i n c e t h e i n d i v i d u a l r e s u l t s were r e p o r t e d elsewhere ( r e f . l o ) , t h e y a r e compared w i t h one a n o t h e r w i t h r e f e r e n c e t o t h e a c t i v a t i o n parameters. There i s a remarkable d i f f e r e n c e between t h e r a t e s of aqua and hydroxo complexes, The aqua complex with pida g i v e s a n i n t e r m e d i a t e v a l u e ; t h i s i s because t h e hydrogen-bonded complex can be reckoned a s i n an i n t e r m e d i a t e s t a t e between aqua and hydroxo.
One might c o n s i d e r t h a t t h e aqua complexes a r e o x i d i z e d w i t h more d i f f i c u l t y because t h e d i f f e r e n c e i n V-0 d i s t a n c e between aqua and 0x0 i s q r e a t e r t h a n t h a t between hydroxo and 0x0, and t h e Franck-Condon r e o r g a n i z a t i o n energy i s l a r g e r . I f t h i s i n t e r p r e t a t i o n were a p p r o p r i a t e , t h e d i f f e r e n c e i n r a t e should be r e f l e c t e d i n AH* v a l u e s ( r e f . 11). The d i f f e r e n c e i n AH* i s r a t h e r modest between aqua and hydroxo complexes. When AH* i s p l o t t e d a g a i n s t t h e charge product of o x i d a n t and r e d u c t a n t , a l l t h e v a l u e s a r e on a s t r a i g h t l i n e . ( F i g . 4 ) Change i n t h e c h a r g e p r o d u c t w i l l r e p r e s e n t t h e a s s o c i a t i o n of t h e redox p a i r t o g i v e t h e p r e c u r s o r . There seems t o be no s u b s t a n t i a l d i f f e r e n c e i n t h e e a s e of e l e c t r o n t r a n s f e r between t h e aqua and hydroxo complexes on Franck-Co don b a s i s . 0 n t h e o t h e r hand, a s i m i l a r p l o t of ASS; g i v e s a s i g n i f i c a n t d i f f e r e n c e . The observed k e of a s i n g l e e l e c t r o n [vIVo ( n t a ) (OH) I 2- F i g . 6 Change i n forward ( k f ) and backward ( k a ) r e a c t i o n r a t e and t h e e q u i l i b r i u m c o n s t a n t w i t h change i n CTAB concn.
t r a n s f e r process i s expressed by Eq. 11, where K e l l T, k~, A G x~ and R a r e t h e e l e c t r o n i c t r a n s m i s s i o n c o e f f i c i e n t , a b s o l u t e temperature, Bolzmann constant,Franck-Condon r e o r g a n i z a t i o n energy and g a s c o n s t a n t , r e s p e c t i v e l y .
When t h e e l e c t r o n t r a n s f e r involves a non-adiabatic process, a small K e l i s expected, which may b r i n g forward a more n e g a t 
i v e entropy of a c t i v a t i o n , b u t be n o t r e f l e c t e d i n enthalpy of a c t i v a t i o n . Discussion on n o n -a d i a b a t i c i t y of an e l e c t r o n t r a n s f e r process may be f u r t h e r c u l t i v a t e d by i n t r o d u c i n g t h e volume of a c t i v a t i o n , b u t t h e d e t a i
ke --KelkgTeXP (AG),*/RT) / h
Influence of the environment
W e have shown t h a t t h e following e q u i l i b r i u m i s e s t a b l i s h e d i n aqueous s o l u t i o n , when V I v O 2 + and Vv02+ complexes of a given q u a d r i d e n t a t e a r e mixed.
The product has a deep b l u e c o l o r , and t h e equivalence of two vanadium atoms was demonstratedby t h e equalv-0-V d i s t a n c e i n c r y s t a l s , and by appearance of 15 hyperfine ESR peaks i n c h i l l e d s o l u t i o n . ( r e f . 5) The e q u i l i b r i u m c o n s t a n t i s 2 0 M-1 a t 25OC and I = 1 . 0 M. Since t h e rightward r e a c t i o n involves a s s o c i a t i o n of two anions, t h e K v a l u e should be a f f e c t e d by t h e environment of t h e s o l u t i o n . The i n f l u e n c e of i o n i c s t r e n g t h , counter i o n s and t h e s o l v e n t provides u s e f u l information, b u t t h e i n f l u e n c e of micelles i s v e r y remarkable. 
Figure 5 shows t h e change i n a b s o r p t i o n spectrum on a d d i t i o n of t h e c a t i o n i c s u r f a c t a n t cetyltrimethylammonium bromide CTAB. I n c r e a s e i n e x t i n c t i o n shows t h e i n c r e a s e i n c o n c e n t r a t i o n of t h e b i n u c l e a r s p e c i e s , and hence t h e s h i f t of equilibrium t o t h e r i g h t . Figure 6 shows t h e change of r a t e c o n s t a n t s r i g h t ( k f ) and l e f t w a r d (kd) and K with i n c r e a s e i n CTAB c o n c e n t r a t i o n . Clear peaks a r e seen near t h e c r i t i c a l m i o e l l e c o n c e n t r a t i o n . The maximum
BI-AND TERNUCLEAR SPECIES BRIDGED BY OXIDE IONS
Early t r a n s i t i o n elements tend t o form b i -and multi-nuclear complexes bridged by oxide. Figure 7 shows examples of b i n u c l e a r molybdenum(V) and t e r n u c l e a r molybdenum(1V) complexes. W e have demonstrated t h a t t h e o x i d a t i o n of one Mov t o MoV1 i n t h e MoV2042+ complexes i s t h e r a t e determining s t e p , and t h i s process t a k e s p l a c e by t h e outer-sphere mechanism.
( r e f .
13) When t h e MoV2042+ cor.!plex was o p t i c a l l y a c t i v e (e.g. with R-Fropylediamine-N,N,-N ' , N ' -t e t r a a c e t a t e i n p l a c e of e d t a ) , o x i d a t i o n with t h e a s e t r i c b i n u c l e a r s e l e c t i v i t y . ( r e f . 1 4 ) I n t h e presence of o p t i c a l l a c t i v e A -[Corn (en) 31 3f s e l e c t i v i t y . ( r e f . 15) W e discussed t h e importance of i o n i c a s s o c i a t i o n of t h e redox p a i r ? t o form t h e p r e c u r s o r (with o p t i c a l l y a c t i v e counter i o n a s mediator i n t h e l a t t e r c a s e ) a s source of s e l e c t i v i t y .
Not only molybaenum b u t a l s o t u n g s t e n form b i -and t e r -n u c l e a r complexes with s i m i l a r s t r u c t u r e s i n W v and WIV s t a t e . ( r e f . 1 6 ) A mixed metal complex [MoVWV04 ( e d t a ) ] 2-was synthesized i n c r y s t a l l i n e s t a t e ( r e f . 1 7 ) , and t h e e l e c t r o d e p o t e n t i a l s of [Mv204 ( e d t a ) ] 2-type complexes measured. (Table 4 ) The E v a l u e s a r e s u b j e c t t o r a t h e r s i g n i f i c a n t change depending on pH and b u f f e r i o n s , and t h e d i s c u s s i o n should remain q u a l i t a t i v e . However, t h e s u b s t i t u t i o n of t u n g s t e n f o r molybdenum d e c r e a s e s t h e p o t e n t i a l of both one e l e c t r o n o x i d a t i o n t o Mvl and one e l e c t r o n r e d u c t i o n t o M I v . I t seems W v i s oxidized with more e a s e and reduced with more d i f f i c u l t y than MoV.
A s i m i l a r t r e n d i s observed f o r t h e r e d u c t i o n of t e r n u c l e a r MoIV and W I V complexes [M3 (~2 -0 ) 3 (P3-0) (H20) 91 4+, i n which t h r e e M atoms a r e connected with t h r e e 1.12-02-and one p 3 -0 2 -t o g i v e a cubane-like s t r u c t u r e w i t h one missing v e r t e x and n i n e t e r m i n a l aqua l i g a n d s . Table 4 Electrode potentials of Table 5 Reduction Quadridentate molybdenum and t u n g s t e n a l s o g i v e t e r n u c l e a r s p e c i e s bridged by two u3-oxides and s i x P -a c e t a t e s . ( F i q . 7 ) Each m e t p l atQm has one t e r m i n a l u n i d e n t a t e l i g a n d e.g. 8 2 0 and p y r i d i n e , and t h e s t r u c t u r e is v e r y d i s t o r t e d .
The c o n f i g u r a t i o n of M i s v e r y much d i s t o r t e d o c t a h e d r a l . The one e l e c t r o n r e d u c t i o n p o t e n t i a l measured by c y c l i c voltammetry i s a s follows i n d i c a t i n g e a s i e r r e d u c t i o n of molybdenum.
Presence of i n t e r a c t i o n between m e t a l atoms i s suggested by t h e diamagnetism and t h e s h o r t M-M d i s t a n c e ( 2.7 f o r W-W). W e have succeeded i n t h e p r e p a r a t i o n of s i n g l e c r y s t a l s of mixed m e t a l complexes w i t h Mo2W and MoW2 c o r e s , and determined t h e s t r u c t u r e . ( r e f . 20) E l e c t r o d e p o t a n t i a l s of t h e f u l l s e t of complexes w i t h Mo3, MozW, Mow2 and W 3 c o r e i n t h e form [ M 3 (~3 -0 ) 2 (~2 -a c e t a t e ) 6 (py) 31 2+ a r e compared i n a c e t o n i t r i l e c o n t a i n i n g 0 . 2 M (CqHg.)qNC104 and p y r i d i n e w i t h hanging mercury, Ag/AgN03(0.1 M) and platinum e l e c t r o d e a s working, r e f e r e n c e and c o u n t e r e l e c t r o d e , r e s p e c t i v e l y . (Table 5) Aqua complexes i n w a t e r a r e n o t u s e f u l f o r c y c l i c v o l t m e t r y .
I n t h e r e g i o n 0 t o -1.6 V v s . Ag/Ag+ e l e c t r o d e t h r e e waves a r e observed. R e v e r s i b l e f i r s t and second waves remain unchanged throughout t h e f o u r complexes b u t t h e t h i r d i r r e v e r s i b l e wave s h i f t s towards more n e g a t i v e s i d e on t h e replacement of M o by W. Assignment of t h e waves t o i n d i v i d u a l redox p r o c e s s i s u n c e r t a i n a t p r e s e n t . The t r e n d towards more d i f f i c u l t r e d u c t i o n i s , however, s e e n on going from Mo? t o W 3 s p e c i e s , and t h i s i s i n accord w i t h Their s a l t s a r e s o l u b l e i n water o r o r g a n i c s o l v e n t s and e x h i b i t remarkable f l u o r e s c e n c e . The e l e c t r o n t r a n s f e r r e a c t i o n s t a k e p l a c e w i t h much d i f f i c u l t y and a r e observed o n l y as queching of t h e luminescence a t room temperature. ( r e f . 21) On t h e o t h e r hand, t h o s e c l u s t e r s capped by chalcogenides form s o l i d compounds i n s o l u b l e i n any kind of s o l v e n t . T h e i r e l e c t r o n s a r e , however, removed from t h e c l u s t e r v e r y e a s i l y , so t h a t a v a r i e t y of non-stoichiometric compounds such a s CUxM06Sy and PbxMo6Sey have been s y n t h e s i z e d . Some of them a r e super-conductors (Chevrel-type compounds).
( r e f . 2 2 ) Such a marked d i f f e r e n c e i n e l e c t r o n t r a n s f e r from t h e Mo6 c o r e must o r i g i n a t e from t h e v a r i e t y of capping l i g a n d . However, o n l y l i t t l e i s known concerning t h e mixed capping l i g a n d complexes. McCarley and Michel ( r e f . 23) s y n t h e s i z e d pyridinium s a l t of [(MogC17S)C16]3-and determined t h e c r y s t a l s t r u c t u r e , b u t t h e chemical p r o p e r t i e s i n s o l u t i o n remains unknown. W e have s y n t h e s i z e d a v a r i e t y of mixed capping l i g a n d complexes i n t h e form of s i n g l e c r y s t a l s , determined t h e c r y s t a l s t r u c t u r e s , and measured t h e i r p r o p e r t i e s i n s o l u t i o n , p a r t i c u l a r l y t h e e l e c t r o c h e m i c a l behavior by c y c l i c voltammetry. C r y s t a l s w i t h o x i d i z e d forms of t h e c l u s t e r s were also o b t a i n e d a s s i n g l e c r y s t a l s and t h e bond d i s t a n c e s w i t h i n t h e c l u s t e r were compared with t h e o r i g i n a l complexes. (The o x i d a t i o n s t a t e of t h e c l u s t e r i s expressed by t h e formal charge number of Mog c o r e f o r convenience.) A m i x t u r e of MoC12, NaHS ( o r NaHSe) and p y r i d i n e were Fefluxed and t h e p r o d u c t s were submitted t o i o n exchange and g e l permeation chromatography w i t h Dowex SOW and Sephadex LH-20, r e s p e c t i v e l y . The complex w i t h [MogC16Se2] c o r e with Mo6 i n 1 2 + s t a t e gave two f r a c t i o n s on e l u t i o n from Dowex SOW column w i t h 0 . 1 t o 0.3 M H2SO4; r e d (A) s o l u t i o n i s e l u t e d e a r l i e r t h a n orange s o l u t i o n (B), both having aqua l i g a n d s a t t h e t e r m i n a l sites. Caesium s a l t s gave good s i n g l e c r y s t a l s f o r X-ray d i f f r a c t i o n s t u d i e s , and tetrabutylammonium s a l t f o r c y c l i c voltammetry i n a c e t o n i t r i l e . Aqueous s o l u t i o n i s n o t u s e f u l f o r CV s t u d i e s , because t h e t e r m i n a l l i g a n d changes e a s i l y . Table 6 and 7 summarize t h e r e s u l t , and F i g . 9 shows t h e u n i t c u b i c l a t t i c e of Cs2[ (bIogCl6Se2)C16] .9H20 (Mo6 i n 1 4 + s t a t e , isomer A) .
Capping h a l i d e and chalcogenide i o n s a r e d i s o r d e r e d i n a l l t h e c r y s t a l s of t h e composition (~0 6 x 7~) and ( M O~X~Y~) .
The g e o m e t r i c a l isomers a r e n o t d i s t i n g u i s h e d from each o t h e r by t h e c r y s t a l a n a l y s i s of t h e l a t t e r s . [ (Mo6Br8) Br61 2-
[ (Mo6Cl7S)Br61 3-5.
[ (Mo6Cl7Se)Cl61 3-6.
[ (Mo6Br7S)C161 3- 
, . . . 
